the population increases and becomes older, the proportion of elderly patients in whom pituitary adenoma (PA) is diagnosed must continue to rise. 34 Although elderly patients usually present a significant number of comorbidities and higher odds of postoperative complications when undergoing neurosurgical procedures, those with visual or neurological alterations or with symptoms secondary to hormonal dysfunction should be considered for surgical treatment. 21, 24 Previous studies have analyzed the outcomes in elderly patients who undergo transsphenoidal surgery for removal of PA, demonstrating the benefits of this approach in selected patients. 2, 6, 17, 22, 24, 41 When compared with microscopic transsphenoidal surgery, endoscopic endonasal approaches may be more aggressive, with exposure and resection of lateral extensions and manipulation of the suprasellar and parasellar regions, which is especially important in young patients with a long life expectancy, in contrast to the elderly. In such a way, endoscopic approaches, in theory, could lead to extended tumor resection but also to a higher risk of complications, such as carotid injury and CSF leaks in this group of patients.
In this study we retrospectively analyzed the results of the treatment of PA in patients ≥ 70 years old who underwent endoscopic endonasal transsphenoidal surgery in our pituitary surgery center, focusing on the efficacy, safety, and outcomes associated with the surgical procedure in this population. Epidemiological, clinical, and radiological characteristics of this group were compared with the characteristics of younger patients with PA treated in our center. Additionally, we performed a detailed review of the literature regarding the treatment of PAs in the elderly population.
methods study design
A retrospective analysis of patients who underwent endoscopic transsphenoidal resection of PAs between May 2000 and December 2012 in the Neuroendocrinology Department at the General Hospital of Fortaleza was performed. Although the definition of elderly varies in the literature (between 60 and 65 years old), the cutoff age we used was 70 years, because those patients are 1.61 times more prone to multiple morbidities compared with those between the ages of 60 and 65 years. 41 Only nonfunctioning PAs were included for analysis, to reduce the impact of hypersecretory hormonal status in the clinical presentation and outcome as well as to validate our statistical analysis, because only 15 elderly patients presented with secreting tumors.
Inclusion criteria were as follows: 1) patients diagnosed with nonfunctioning PA; 2) no previous surgical procedure for treatment of the lesions; and 3) surgical treatment via the transsphenoidal endoscopic approach in our department, by the senior author (J.A.G.). Patients with nonfunctioning PA were divided into 3 groups: elderly patients (≥70 years [n = 55]); patients 60-69 years (n = 30); and patients < 60 years (n = 289). All patients who did not fulfill the inclusion criteria and those without complete data regarding clinical follow-up were excluded from analysis.
The institutional review board of the General Hospital of Fortaleza approved the study. All patients underwent neurological, ophthalmological, and endocrinological examinations before and after surgery. Pathology reports were reviewed for evaluation of hormonal status and evidence of hemorrhage or necrosis. The patients' follow-up duration varied from 12 months to 10 years.
clinical and endocrinological assessment
Endocrinological investigation was performed at our hospital. Multiple measurements of plasma growth hormone (GH), insulin-like growth factor-I, prolactin (PRL), free cortisol, thyroid-stimulating hormone (TSH), free thyroxin, luteinizing hormone, follicle-stimulating hormone, testosterone, and estradiol levels were studied. Endocrinological follow-up was routinely performed at 1 week, 3 months, and thereafter every 6 months. The preoperative comorbidity profile was evaluated according to the American Society of Anesthesiologists (ASA) Physical Status grading. 31
Neuroradiological studies
A facial CT scan was used in all patients to evaluate the paranasal sinuses (septal anatomy, turbinate anatomy, sphenoidal, and maxillofacial format) for surgical planning. Preoperative MRI studies were performed in all patients, using a 1.5-T unit with T1-and T2-weighted spin echo before and after addition of Gd-based contrast medium. Follow-up MRI studies were obtained before hospital discharge, at 3 and 6 months after surgery, and then yearly. An independent neuroradiologist in our center evaluated all cases.
surgical approach
There was no significant difference regarding the technique used for the treatment of elderly patients. Details of the surgical technique used in our department have been previously described. [15] [16] [17] 
tumor control
The evaluation of the tumor resection was based on the analysis of the postoperative MRI studies obtained 3 and 6 months after surgery, and then every 12 months. Radiological evidence of no postoperative remnants was considered a total removal; otherwise the resection was considered subtotal. 2, 37 statistical analysis All data are expressed as the mean ± SD. The statistical software SPSS version 16.0 (SPSS Inc.) was used for data analysis. The Fisher test was used for evaluation of categorical data, with p < 0.05 considered statistically significant.
results
Between May 2000 and December 2012, 603 patients ( Table 1) in patients ≥ 70 years old (mean age 72.5 ± 1.9 years, range 70-84 years) at the time of the diagnosis represented 11.6% (70 patients) of all adenomas referred to our department during this period. The majority of patients (n = 55, 78.5%) had nonfunctioning PAs, and this is the group we analyzed ( Table 2) .
According to the size of the lesion, all patients had macroadenomas (mean size 33 ± 23 mm). Knosp scores of 2, 3, and 4 were identified in 3, 5, and 8 patients, respectively ( Table 2 ). Cystic components were present in 18 cases (32.7%).
Progressive visual impairment was the most common clinical alteration in our series, with 38 patients (69%) presenting bitemporal hemianopia or other visual deficit. Although MRI diagnosed the presence of intratumoral hemorrhage in 14 patients (25.4%), only 6 of them (10.9%) presented clinical signs and symptoms of pituitary apoplexy. Postoperative evaluation of visual status was available in all 38 patients: 33 (86.8%) had improvement in their visual status and 5 were unchanged. No patient presented visual deterioration after surgery. When compared with younger patients treated in our hospital, there was no difference regarding preoperative visual impairment. However, ophthalmoplegia was more common in elderly patients, whereas pituitary apoplexy was less frequent in this group (Table 2) .
According to the preoperative clinical status, 22 patients (40%) were assigned an ASA score of 1, indicating a low risk for anesthetic complications. The ASA score was 2 (mild to moderate disease) in 19 patients (34.5%), 3 (severe disease) in 13 patients (23.6%), and a score of 4 (severe systemic disease that is a constant threat to life) was assigned in 1 patient (1.8%). Patients with ASA 3 scores were commonly observed in the elderly group (p < 0.05). Total tumor resection was achieved in 43 of 55 (78.2%) of the cases ( Table 2 ). During follow-up, 1 patient presented with progressive enlargement of a residual lesion and required a second endoscopic resection. There was no significant difference in the surgical time, hospitalization length, and extent of tumor resection between elderly patients and the other groups.
As shown in Table 3 , the most common complication was CSF leakage, which was present in 5 patients (9%). Two of them underwent a repeat operation in the 1st week after the initial procedure. They were treated with reconstruction of the sellar region with fat graft, fascia lata, na-soseptal flap, and fibrin sealant. 19 The other 3 patients were successfully treated with bed rest and lumbar drainage for 72 hours. Postoperative residual tumor apoplexy was observed in 3 patients (5.4%), but there were no clinical manifestations secondary to it; 2 other patients developed permanent diabetes insipidus after surgery. We observed 1 case of postoperative sinus infection and 1 case of urinary tract infection, both of which were successfully treated with antibiotics. Postoperative new anterior pituitary deficit was more common in the younger group (< 60 years old [17.7%]) than in the elderly (≥ 70 years old [12.7%]); however with no statistical difference ( Table 2) .
One death occurred (1.8%) in our series. The patient was an 84-year-old man who presented to our clinic with pituitary apoplexy (sudden amaurosis and bilateral complete ophthalmoplegia). He had recently had a myocardial infarct and presented with another ischemic event at the ICU during the 1st postoperative week. The patient ultimately suffered fatal cardiac failure 5 days after surgery.
discussion
With the elevation of the average life expectancy of the population and the widespread use of MRI and CT studies, it is estimated that the number of PAs diagnosed in elderly patients will increase. 11 In the 1980s and 1990s, PAs in elderly patients represented 3%-6.6% of all such lesions, 20, 25, 28, 29, 35 and in the 1990s and 2000s, 6%-7.2% of patients with PAs were elderly. 13, 21, 38 Autopsy series 28 and more recent studies 18 estimate a prevalence of approximately 11%-14%. Of all PAs treated at our department, those in patients ≥ 70 years represent 11.6%. Those patients usually have additional risk factors that can influence the outcome of surgical procedures.
According to a review by Benbow et al., 2 previous to the series of Cohen et al., 6 studies have either been postmortem or have included small numbers of elderly patients. We analyzed a total of 448 elderly patients (≥ 65 years old) from 10 independent series in addition to this one ( Table 4 ). The majority of the patients (94%) underwent surgical treatment through the transsphenoidal route. The mean age was 72.9 years and most of the patients were male (57.5%), which is different from our series, in which female patients represented 54% of those with nonfunctioning PAs. Similar to our series, most patients presented with macroadenomas (96.2%), with a mean size (largest diameter) of 3 cm. The high proportion of macroadenomas is probably related to the elevated number of nonfunctioning PAs in elderly patients.
We observed a different epidemiological profile of adenoma subgroups in elderly and younger patients. A higher proportion of nonfunctioning adenomas (78.5%) was observed in the elderly group versus in the < 60-year-old group (58.6%), which is compatible with previous reports (Table 4 ). Among secreting adenomas, the most common lesions in the elderly were GH-secreting (14.2%) and adrenocorticotropic hormone (ACTH)-secreting adenomas (4.2%), whereas in patients < 60 years old, GH-secreting adenomas (22.5%) and prolactinomas (9.5%) were predominantly observed.
In our center, we routinely follow asymptomatic patients with nonfunctioning adenomas. Young patients who present with significant enlargement of the lesion during follow-up are candidates for resection, as well as those who present with visual deficits and/or pituitary dysfunction secondary to stalk or pituitary gland compression. Asymptomatic elderly patients are followed with MRI scans and endocrinological and ophthalmological evaluations every 6 months. If visual deficits or endocrinological dysfunction refractory to medical treatment are detected, surgery is indicated. Visual deficits were the primary symptom in the majority of our patients. In this series we had 55 nonfunctioning PAs, of which 98.1% presented visual impairment or headache. The improvement of visual disturbances in those patients was observed in 86.8%, similar to the rate presented by younger patients ( Table 2 ) and to the results described by other authors, 2,23 supporting evidence that debulking or curative transsphenoidal surgery offers the best chance of vision recovery and is the treatment of choice for most pituitary tumors in the elderly. 11, 14, 20, 33 In the current study we observed no improvement of anterior pituitary function in patients with preoperative hypopituitarism. The reasons for the absence of endocrinological improvements may include the high incidence of large tumor, long time of pituitary compression, and older age of the patients, which may be associated with a more limited pituitary functional reserve. 37 Pituitary hemorrhage was present on MRI studies in 14 cases (25.4%). Clinical signs of pituitary apoplexy occurred in 6 cases (10.9%), all of them in patients with ophthalmoplegia, and 4 with bilateral amaurosis (7.27%). Five patients attained complete recovery of the visual deficits. In the literature, the incidence of pituitary tumor apoplexy varies from 0.6% to 10%. 3, 4, 12, 21, [38] [39] [40] Elderly patients seem to be more prone to presenting with apoplexy. Sheehan et al., in their series of elderly patients with pituitary adenomas, described a high incidence of pituitary apoplexy (12%). 38 Asymptomatic pituitary tumor hemorrhages are often described in the literature, with asymptomatic hemorrhage or infarction observed in 14% to 22% of all pituitary tumors. 3, 10, 12, 38 The rate of tumor regrowth in elderly patients with PA is influenced by the extent of resection, 11, 17, 32, 35 volume of the tumor, suprasellar extension, 23 and cavernous sinus invasion. 24 In our study, there was no significant difference between the extent of resection obtained in elderly and young patients, although patients ≥ 70 years had a tendency to be treated with total resections more often. That might be partially justified by the smaller incidence of tumor with extensions toward the cavernous sinuses in this group (Table 2 ). It is suggested that elderly patients with PA have a lower incidence of regrowth, 36, 38 possibly reflecting a less aggressive potential of PA in the elderly. 11 In our series, we observed only 1 case of pituitary adenoma recurrence that required a second surgical procedure. The older age of the patients and the low rate of growth of these tumors contribute to the small number of reoperations in our series.
Elderly patients had more complications than patients < 60 years old (32.7% vs 10%, p < 0.05); the higher rate of complications in this group was mainly secondary to the higher rate of postoperative high blood pressure peaks and subclinical pituitary apoplexy (Table 3 ). Postoperative hemorrhage occurred in 3 patients (5.4%), all of them treated clinically. Four patients (7.2%) had postoperative arterial hypertension that required infusion of nitroprusside and multiple drugs for adequate control. We observed CSF leaks in 5 cases (9%); in the general literature this rate varies from 1.2% to 6%, 18 and in elderly population studies it is approximately 4.9%-15.6%. 11, 18, 28 In 2 of those cases surgical management was required. Postoperative syndrome of inappropriate antidiuretic hormone (SIADH) was observed in 2 cases (3.6%). Only patients with clinical alterations suggestive of hyponatremia were evaluated for SIADH; that potentially explains the difference between our postoperative SIADH rate and that reported by groups who routinely evaluate patients for this alteration, which may range from 8.5% to 25%. 26, 36 We found a mortality rate of 1.8%, similar to the reports in previous adult pituitary surgery series. 5, 34 Although associated with a higher incidence in patients categorized as ASA 3, no significant mortality difference was observed in our study. We believe that adequate preoperative planning and patient selection, careful surgical technique, and rigorous postoperative care are responsible for such low rates of mortality, even in high-risk patients. Transsphenoidal endoscopic surgery was accomplished in short periods (55-120 minutes), contributing to a fast postoperative recovery. A long duration of general anesthesia is frequently associated with late extubation and may be accompanied by challenging fluid and electrolyte shifts, pulmonary or urinary tract infection, and lengthy hospitalization, reflecting the limited reserve in elderly patients. 9, 30 In our review, the mean hospitalization time reported by other groups was 8.5-9.4 days, similar to ours (8 days). When compared with patients < 60 years old, we observed no significant statistical difference. However, in elderly patients there was a tendency to have longer in-hospital stays (8 days vs 5 days).
Concerning nonfunctioning adenomas, we consider radiosurgery (for small lesions) and stereotactic radiotherapy (for larger lesions) to be a useful treatment option for recurrent lesions or for patients who may be unable to undergo surgery. However, adjuvant radiosurgery was not used in our patients because there was an overall low rate of recurrences in the elderly group, and no patient presented clinical impairment that precluded endoscopic endonasal treatment. 5, 10 limitations of the study Although carefully analyzed and produced by our group, we acknowledge the fact that our paper presents important limitations. It represents the results of a nonrandomized, retrospective experience in a single center. Therefore, it has the typical conclusion limitations of this type of study. Additionally, the follow-up period of some patients may have been too short, considering that recurrence of pituitary adenoma can occur many years after surgery.
conclusions Endoscopic endonasal transsphenoidal surgery may be undertaken safely in patients ≥ 70 years old. This is particularly true when the anesthetic risk is low, the patient has a good preoperative clinical status, and a specialized pituitary surgery team performs the operation. Gross-total resection of tumors in elderly patients may be adequately achieved by the endoscopic transsphenoidal technique, with a similar result regarding surgical time, extent of resection, and in-hospital stay. Although this is a safe procedure, a higher complication rate may be expected in this group of patients in comparison with younger patients, mainly due to transitory complications.
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